





Section Primigenia of Clarkia 349
TasLE 1.—Intra- and Interspecific Hybrids Between
Representative Taxa in Section Primigenia.
Average
Number | Number Percentage of
of of Stainable Pollen
Crosses Plants |+ Standard Error
I. Intra-subspecific Hybrids:
A. @ C. g. sonomensis x & C. g. sonomensis. . . 11 23 77.3 + 8.04
B. @ C.g.tracyix @ C. g tracyi............ 3 9 86.3 £ 9.78
C. @ C.g. gracilisx & C. g. gracilis. ........ 2 2 88.2 + 8.47
Subtotal........................... 16 34 83.9 + 8.76
II.  Inter-subspecific Hybrids:
A. @ C.g tracyix & C. g albicaulis...... ... 4 10 77.0 £ 9.23
B. @ C. g. sonomensis x d‘ C. g. albicaulis. . .. 2 4 33.3 + 4.68
C. @ C.g. sonomensisx & C. g. tracyi. . ..... 3 9 75.0 + 7.63
D. @ C.g. tracyi x & C. g. sonomensis. . . .... 3 7 62.2 + 8.31
E. @ C.¢. albicaulis x & C. g. sonomensis. . .. 2 2 28.7 + 5.64
F. @ C.g. sonomensis x & C. g. gracilis. . .. .. 8 20 70.0 + 9.26
G. @ C.g. gracilis x & C. g. sonomensis. .. ... 5 5 65.8 + 6.73
H. @ C.g gracilisx & C. g. tracyi........... 2 6 62.3 + 8.34
I. @ C. g tracyi x & (sonomensis x gracilis). . 1 3 75.0 + 7.67
Subtotal........................... 30 66 62.1 + 7.50
III. Triploids with C. amoena huntiana:
A. C. g. sonomensis x &* C. am. huntiana. . . 32 98 9.5 + 0.62
B. Q@ C. am. huntiana x & C. g. albicaulis. . .. 1 1 2.8 + 0.31
C. Q@ C.g. tracyix & C. am. huntiana..... ... 19 57 5.0 £ 0.47
D. @ C. am. huntiana x & C. g. gracilis. . . ... 10 30 4.7 + 0.86
Subtotal........................... 62 176 5.5 £ 0.57
IV. Triploids with C. lassenensis:
A. @ C. g. sonomensis x & C. lassenensis. . . .. 1 3 3.0 + 0.42
B. @ C.g. tracyi x & C. lassenensis.......... 2 3 2.5 £ 0.57
C. Q C.g. gracilis x & C. lassenensis. . ... ... 2 5 1.5 + 1.21
Subtotal........................... 5 11 2.3 +£0.73
V. F; diploid-hybrids between
C. amoena huntiana and C. lassenensis:
A. @ C. am. huntiana x & C. lassenensis. . . .. 5 23 2.5 + 0.93
B. @ C. lassenensis x & C. am. huntiana. . . .. 2 2 1.1 + 0.45
Subtotal............... ... ... ... 7 25 1.8 + 0.69

A total of 120 crosses between cer-
tain taxa that are representative of
all three subsections of the section
Primigenia were carried out in the
greenhouse (Table 1, Figure 3). The
reason why other taxa in this sec-
tion were not represented, lies in the
fact that the majority of such re-

maining crosses were sporadically
made by different investigators and
their results as well as mine will be
discussed jointly in some detail in
a later section of this paper.

Pollen viability was estimated
from counts of pollen grains which
stained with cotton blue in lacto-
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phenol. Only well stained and nor-
mal shaped grains were considered
viable, and calculations were based
on a total of at least 200 pollen
grains counted.

inferred
from

showing
crossing relationships
greenhouse progenies.

Polygon

Rarely set seeds; developmen-
tal abnormalities in most
progenies; few plants reach
maturity and are extremely
low in fertility.

Rarely set seeds; developmen-
tal abnormalities in some
progenies; most flower buds
are low in fertility.

Relatively high seed set; nor-
mal progeny; almost all
reach maturity, but show
variable degrees of fertility.

Relatively high seed set; nor-
mal progeny; progenies are
relatively fertile.

Abundant seed set; normal
progenies with normal fer-
tility.

Buds for cytological study were
fixed in 1:3 acetic-aleohol for at
least 24 hours, then changed to 70%
alcohol and stored in the refrigera-
tor. They were stained in bulk us-
ing alcoholic-HCl carmine (Snow,
1963), which gave the most satisfac-
tory results. From these buds slides
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were prepared by squashing 2-4 an-
thers after gentile heating in a drop
of 45% acetic acid. Some slides
were made permanent using dry ice
or liquid nitrogen. After freezing
the slide, the cover slip was pried
off with a razor blade and the slide
was immersed in two changes of ab-
solute alecohol for at least 5 min-
utes. A drop of euparal and a clean
cover slip was placed on the location
of the previous cover slip.

ReEsuLTs AND DISCUSSION

In order to better understand the
mode of evolution within section
Primigenia, it becomes necessary to
assess the extent of reproductive
and developmental differentiation
between various species in the sec-
tion. In addition, observations per-
taining to their morphological,
eco-geographical, cytological and
chemotaxonomical relationships are
usually considered in such a study.
Thus, data on crosses between differ-
ent taxa of the section as well as
other types of evidence are required.
The present study shows the results
of interspecific hybridization be-
tween some of the species of this
section (Table 1, and Figure 3). Of
these, hybridization between the dip-
loids C. amoena ssp. huntiana and
C. lassenensis proved to be the most
difficult due to the presence of a
number of barriers to gene exchange
between their respective gene pools.
These two diploids showed a diver-
sity in their reproductive and devel-
opmental patterns, whose magnitude
is characteristic of fairly distantly
related species or higher taxonomic
groupings. By comparison, the
phylogenetic relationship between C.
lassenmensis and the tetraploid C.
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are self-compatible. But some taxa
such as C. gracilis ssp. gracilis have
cleistogamous flowers and are pri-
marily or exclusively self-pollinated.
Various intermediate degrees of self-
pollination also occur (Lewis,
1953a). Even though every species
of Clarkia is sympatric with at least
one other species over part of its
distribution range, no naturally oe-
curring interspecific diploid hybrids
have been found (Lewis and Lewis,
1955). Nevertheless, hybridization
obviously does occur at least on rare
occasions inasmuch as some of the
alloploid species have been derived
from normally self-pollinating spe-
cies (Lewis and Lewis, 1955).

Morphological observations re-
vealed that C. lassenensis was pre-
dominantly an inbreeder as the stig-
ma was usually located at the same
level or lower than the anthers,
whereas C. amoena ssp. huntiana is
predominantly an outbreedr as its
sigma is situated higher than the an-
thers. Such a difference in floral
structure might prevent eross-pol-
lination between the two species, or
would at least greatly restrict its
occurrence. The western populations
of C. lassenensis have relatively large
flowers with a stigma which often is
higher than the anthers; it is proba-
bly only in this western area where
hybridization might oceur in nature.
All prezygotic mechanisms mention-
ed above have played a major role in
quite effectively isolating the two
diploid gene pools.

Postzygotic mechanisms have also
played a significant role in the dif-
ferentiation and diversity observed
at present in both taxa. By defini-
tion, these mechanisms work after
fertilization has taken place and the
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hybrid zygotes formed are rendered
inviable or produce only weak or
sterile hybrids. Postzygotic isola-
tion is usually expressed by three
different mechanisms: the inviabil-
ity or weakness of the F, hybrid it-
self, the complete or partial sterility
of vigorous F, hybrids, and the pro-
duction of many weak or sterile Fy
progeny by vigorous fertile F, hy-
brids (Stebbins, 1966). The action
of all of them can be characterized
in a general fashion as the inability
of the parental genes to work to-
gether properly in the cells of the
hybrid or its progeny or the so-
called genic disharmony (Stebbins,
1966). Almost all seed capsules col-
lected from the F', diploid hybrid
plants contained light-colored chaff
which represented aborted ovules or
failure of fertilization. A very few
had a small number of completely
shrivelled or normally appearing
seeds, of which some of the latter
succeeded in germinating. The
completely shriveled brown ones
had virtually nothing inside or had
ovules which had been fertilized but
whose subsequent development was
impaired. The partially shriveled
brown seeds usually contained a
small embryo and/or a small endo-
sperm. Some lacked endosperm tis-
sue.

Hybrid inviability or weakness
was observed as a strong isolating
mechanism that led to early seed-
ling death. Germination of F, hy-
brid seeds was usually one to two
weeks later than normal diploid or
tetraploid seeds. I, seedlings were
also slower in growth than normal
ones due to slow differentiation of
the hypocotyl and epicotyl. These
seedling showed various degrees of






















